Introduction
Non-racemic chiral ligands play an important role in organometallic chemistry, particularly in homogeneous catalysis; 1 understanding the bonding in these complexes is therefore of importance. The systematic study of fluxional processes provides a sensitive method for probing bonding interactions, particularly where multiple mechanistic pathways are competing. We have demonstrated recently that nonracemic chiral ligands can be used to elucidate dynamic processes that are otherwise unobservable, 2, 3 providing detailed information on the bonding between the metal and the fluxional ligand. This paper illustrates the power of such an approach for the study of complex fluxional organometallic systems.
The latent fluxionality of transition metal complexes of potentially mer-terdentate ligands, in which the ligand is restricted to a bidentate bonding mode, is of current interest. 4, 5 The possible mechanisms of the dynamics are the subject of controversy. 6, 7 Our approach has been to employ a non-racemic chiral oxazoline ligand; 8 the spectroscopic handle provided by the asymmetric centres enables the mechanism to be determined unambiguously. Furthermore fluxional pathways that are otherwise 'invisible' can be elucidated. We reported recently on the use of the C 2 -symmetric bis(oxazolines), 2,6-bis[(4S)-alkyloxazolin-2-yl]pyridine (alkyl = methyl or isopropyl), as a mechanistic probe for the dynamic stereochemical rearrangements in complexes of the type shown in Figure 1 . 2, 3 This paper describes the results of a detailed dynamic NMR study on the tricarbonylrhenium(I) halide complexes of the closely related acetal ligand, 2-[(4R),(5R)-dimethyl-1,3-dioxan-2-yl]pyridine (L), namely fac-[ReX(CO) 3 L] (X = Cl, Br or I).
Experimental

Syntheses
All manipulations were performed using standard Schlenk techniques 9 under an atmosphere of dry, oxygen-free nitrogen. Solvents were dried 10 and degassed before use. The pentacarbonylrhenium(I) halides were prepared according to previously published proceedures.
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(2R),(3R)-Butanediol, 2-pyridinecarboxaldehyde, and 2,2-dimethoxpropane were purchased from Aldrich Chemical Company, and were used without further purification. The compounds were prepared as described below.
Analytical and 1 H NMR data are reported in Tables 1 and 2 , respectively. The three complexes, [ReX(CO) 3 L] (X = Cl, Br or I), were prepared similarly, as illustrated by procedure for the complex X = Br. 
2-[(4R),(5R)-dimethyl-1,3-dioxan-2-yl]pyridine (L).
{2-[(4R),(5R)-dimethyl-1,3-dioxan-2-yl]pyridine}bromotricarbonylrhenium(I)
.
Physical methods
Infrared spectra were recorded as CH 2 Cl 2 solutions on a Nicolet 205 FT-IR spectrometer, operating in the region 4000 -400 cm -1 . Elemental analyses were carried out at University College London. Mass spectra (LSIMS) were obtained at the London School of Pharmacy on a VG Analytical ZAB-SE instrument, using Xe The rate constants obtained from the dynamic NMR experiments were used to calculate the Eyring activation parameters; the errors quoted are those defined by Binsch and Kessler.
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Results
The three complexes, [ReX(CO) 3 , as expected for a fac-octahedral tricarbonylrhenium(I) complex. 16 Analytically pure samples could not be obtained; consequently, elemental analyses (C, H and N) gave poor data.
Data are reported in Table 1 .
NMR studies
The ambient temperature (303 K) 1 H NMR spectra of the complexes, [ReX(CO) 3 
tetrachloroethane displayed well-resolved signals due to the presence of four nonexchanging diastereoisomers (Fig. 2) . The spectra of the three complexes were similar and the results obtained for [ReBr(CO) 3 L] will serve to illustrate the analysis of the problem. process, which leads to formal inversion of configuration at the acetal carbon atom, C 1 (see below). There is no exchange between these pairs because, at moderate temperatures (see below), there is no mechanism for formal inversion of configuration at the metal centre. The signals due to the SS diastereoisomer is thus readily identified because it exchanges with the signal due to the SR diastereoisomer (see above). The acetal-CH of the SR diastereoisomer is oriented on the same side as the halogen (Br) and resonates at higher frequency than the acetal-CH of the SS diastereoisomer. The acetal-CH of the RS diastereoisomer is also oriented on the same side as the halogen, so might be expected to resonate at higher frequency than the acetal-CH of the RR diastereoisomer. Thus the high frequency acetal-CH signal of the RR/RS pair was assigned to the RS diastereoisomer. This is not unambiguous, but the absolute assignments do not affect the analysis of the dynamic exchange problem. The populations (Table 2) , determined from the relative intensities of the acetal-CH signals, are in the order SR > RR >> RS > SS. The six possible rate constants were treated as independent variables in the analysis.
Below ca. 370 K, band shapes could only be simulated accurately with two non-zero rate constants, namely k 1 and k 6 , corresponding to the formal inversion of configuration at C 1 (Fig. 2) . At temperatures in excess of 370 K, the band shape analysis indicated the onset of a second dynamic process on the NMR chemical shift time-scale. Accurate simulation of the high temperature spectra required the use of equal, non-zero rate constants for k 2 , k 3 , k 4 and k 5 , in addition to the non-zero rates for k 1 and k 6 . This second process is presumed to involve ligand dissociation; the process is fully reversible and there was no evidence of decomposition. Twelve reliable fits were obtained, seven of which are shown in Figure 5 . Kinetic data are reported in Table 3 and the Eyring activation parameters are reported in Table 4 . Band shape This suggest mechanism (i) (Fig. 6 ) is preferred. Although entropy of activation data provide information about the structure of the transition state, they are generally a less reliable indicator than energy of activation data. For this reason we consider mechanism (i) (Fig. 6 ) most likely, but more work is clearly necessary to establish this. We are currently investigating complexes of the analogous ligand 2-
The magnitudes of the free energies of activation for the SR SS processes are ca. 2 -4 kJ mol -1 greater than for the RR RS process; this is higher than expected from the relative ground state energies of the two diastereoisomers. This indicates that the transition state species of the two processes are subtly different, which is difficult to rationalise, particularly in terms of mechanism (i). The effect of the halogen on the dynamics appears to be minimal; this is expected because the halide is cis to the fluxional ligand.
Ring flip processes of this type are novel in tricarbonylrhenium(I) halide complexes, but a similar behaviour has been observed previously in palladium(II) complexes of bipyrimidine (bipym). 26 The tricarbonylrhenium(I) halide complexes of bipym, fac- Figure 2 for labelling of diastereoisomers); 
